Abstract At Marshall Space Flight Center's (MSFC) Payload Operations Integration Center (POIC) for the International Space Station (ISS), the Payload Communications Manager (PAYCOM) team, whose members speak directly with the ISS onboard crew with respect to NASA payload operations, has found a creative way to reformat a mandatory Daily Report to organize action items, standing reminders, significant events, and other comments. While the report keeps others apprised of PAYCOM' s current activities and issues, very brief summaries of the items are put into a "Roll Off Matrix", including start and stop dates, resolution, and possible applicability to future ops. The matrix provides accountability for all action items, gives direct insight into issues regarding payloads, control center operations, and methods, yields indirect information on PAYCOM priorities and processes, and provides a roadmap for locating extensive details if needed. This paper describes how the Daily Report and Roll Off Matrix are organized, used, and inter-related to each other and the PAYCOM operations log. While the application is for a manned vehicle, the concepts could apply in a wide spectrum of operational settings.12
INTRODUCTION
Operational log-keeping has been practiced for millennia. A log can be a powerful tool for maintaining continuity between shifts, reconstructing events, resolving anomalies, and distilling better ways of doing things. Early spaceflight programs relied on handwritten logs, and even though console operators developed unique symbols or shorthand, the pace of operations was such that operators could only jot down the bare essentials of what they observed. Because logs were handwritten, searching for either specifics or trends was very time-consuming.
Formally, "The console log provides a method of reconstructing the activities of a given operating position for the following shifts' use, for operations analysis, and a database for contingency or failure analysis." and "Each POIC cadre shall keep an electronic console log of realtime events, which is a brief narrative of these events, are Greenwich Mean Time (GMT) time-tagged, and entered as the events occur." [1] Today's inexpensive computers, office automation software, and "instant-replay" voice communications archive systems allow console operators to prepare extremely detailed logs by the end of their shifts. This is obviously helpful if event reconstruction is needed to analyze a specific incident whose date(s) is/are known, and for assessment of a relatively short flight lasting one or two weeks.
Long-duration missions such as those flown on the International Space Station present some new challenges:
-System or payload activities may span weeks or months, and a series of closely related activities may span years.
-Crew members fly for months, and their task loading can make it difficult for them to remember nuances and "gotchas" between performances.
-Ground support personnel are often involved with three or four ISS increments concurrently -while one is flying, others are in preparation or post-flight. (An increment is a complement of payloads and activities associated with a given ISS expedition, as well as the time frame that the expedition crew is onboard.) -The sheer number of log entries related to a given topic can make analysis difficult, even if a text search is used to reduce the number of entries under consideration.
-Formal databases document details upon details of planning criteria, equipment anomalies, ground team anomalies, and so forth, but in terms of ready reference to help console operators get through their shift, they may provide so much background that the foreground goes underground.
-As international partners begin flying their modules, systems, payloads, and flight crews, handshakes across different partners' hardware, software, and organizations will become more complex, no doubt leading to more idiosyncrasies and "unadvertised features". The PAYCOM console is nominally staffed during crew awake hours on normal workdays. This is typically 16 hours a day, 5 days a week; and the gaps in operator coverage accentuate the need for good handover and "cheat sheet" materials.
DAILY REPORT AND ROLLOFF MATRIX Evolution
In the course of operating since 2001, PAYCOMs tried several methods for keeping up with questions and actions. Items that could be resolved within 1-3 days could usually be managed via handover entries in the console log, but longer-term items tended to "drop through the cracks". The "Tasks" feature of the email system (Microsoft Outlook) was used for a while, but problems included subfolder management, disappearance of items due to inadvertent mouse clicks on checkboxes, frustration/wasted motion due to nesting of messages and enclosures, and how easy it was to forget to check the system, especially on hectic days. Filing schemes for email messages outside of the "Tasks" structure yielded similar results.
At a PAYCOM meeting in early 2007, someone noted that all of the methods attempted were internal to the PAYCOM team -no other console position had insight into what we were tracking unless they'd made a note of it themselves, and their notes might not agree with ours.
It occurred to us that a Daily Report (DR) that we're required to submit (on any day that the console is staffed) to the Payload Operations Director (POD) and the Payload Operations Manager (POM) had a place for "Forward Actions", but the section was not well-defined. Other sections had been defined early in the ISS program, but hadn't been validated and/or updated with respect to current operations. The scheme that evolved has these features:
-Since the DR is mandatory, we can guarantee that PAYCOM will open and look at it every day on console.
-New DRs are created via a "Save As" of the previous report. This eliminates errors from cutting and pasting from one console log entry to another.
-New or modified information is entered in blue text, and changed to black in the following report. Entries being closed are put back into blue text for their last appearance in the report. Authors and editors include date/initials on revisions.
-Separate sections exist for Actions (discrete tasks, usually of a one-time nature) and Reminders (tasks or things to remember tied to recurring events or circumstances, e.g. "gotchas").
-The section originally titled Malfunctions and Recoveries now includes all Significant Events, including notable successes. Sections covering info that "belongs" to other teams have been eliminated.
-POD/POM are now aware of what we think is important, and can ask us to 1) delete items they're working and/or 2) add items they'd like us to take on. "Trim the overlaps, fill in the underlaps."
These modifications helped a great deal for day-to-day ops, but the question arose, "If someone asked us to account for all of our unique action items (e.g., those not covered in formal databases), could we summarize what they are/were, and how they were resolved?" Well, we could . . . but digging through all the DRs would take an incredibly long time, and one would have to sort through repetitive entries from the date an item appeared to the date it was removed. Someone suggested that we "roll off' the action items into a matrix for future reference, including start and stop dates to show the time frame. We concluded that summarizing Reminders, Significant Events, and other Comments would also be useful. Due to the time pressures of operations, we update the matrix offline at intervals . . . more on this later. Examples Figure 1 shows the PAYCOM's usual interface to their console log database, and provides familiarization with the environment. Figure 2 presents a subset of log entries related to an Action that appears on the DR (Figure 3 ) and in the Rolloff Matrix (Figure 4 ). Explanatory notes are in text against a beige background, with purple lines/arrows as needed. The thrust of this paper is method, not ISS program content, so most acronyms are not defined. Formally speaking, "Facility" refers to a rack or collection of racks onboard ISS that hosts equipment for specific types of scientific investigations, and "Payload" refers to a specific experiment, whether the experiment uses a Facility or not. In addition to these meanings, the columns serve to group non-payload items into major categories and subcategories.
In developing the Rolloff Matrix concept, there was much discussion as to when items should be transferred from the DR to the Matrix -when they start vs. when they're finished, as part of the daily console-keeping routine vs. offline by an off-duty console operator, etc. Greater consistency has been achieved by updating or "auditing" the Matrix offline, processing several DRs in one sitting. This allows time and a relatively unstressed environment step back from the operations tempo, compare successive reports for progression and consistency, discern the essence of each given entry, and clean up the wording and/or Start/Stop dates. It takes about 2 to 3 hours to process a month's worth of DRs.
If one has a situation with round-the-clock staffing and a reasonable amount of low-pressure time on at least one shift, maintaining a Rolloff Matrix might be feasible onconsole, but this is not workable for PAYCOM, and there's much to be said for the "let it soak in" phenomenon intrinsic to processing the Matrix offline. If less than a month's latency is desired, reports could be processed weekly.
Another challenge in Matrix development was the question of which items to transfer from DRs. Some items may appear trivial -for example, a reminder to issue a reminder to someone else. While that's a "mere" administrative action, it's still an action, and represents something we were concerned about enough to document. To prevent biases due to different operators' perspectives, we transferred all Actions, Reminders, Significant Events, and Comments to the Matrix. Excel's data sort options can be used posttransfer to focus on the reviewer's area of interest.
As with many endeavours, the Rolloff Matrix isn't perfect, but therein lies potential for raising questions that can improve operations. While populating the matrix, it's useful to include comments about what's in the matrix in red and within brackets, like this ]. Such comments might flag data inconsistencies, suggest followup activity, or state insights gained while reviewing the information.
A recently conceived idea (October, 2007) is to allow and encourage off-duty console operators to send comments or observations (based on reading the daily console log or on meetings relevant to current ops) to the on-duty operator for inclusion in the DR (labeled as an outside comment), and eventual transfer to the Rolloff Matrix. If practiced in moderation, this could enhance corporate consciousness.
The DR helps track Actions to completion, gives visibility to recurring Reminders, and documents Significant Events and Comments as they occur. The Rolloff Matrix retrospectively synopsizes these and provides initial navigation for analyzing past operations or preparing for future ones. Wvhile writing this paper and contemplating the documents involved, an idea emerged that is tangential to the DR/Rolloff Matrix scheme yet relates to mission analysis. Figure 1 noted some checkboxes developed about 6 years ago that are not used much:
In practice, we hardly ever pulled up all entries related to one these topics, and/or found other ways to identify them with text in the main text area. Suppose we used these topics to identify truly unique log entries:
The tempo of operations often doesn't provide the "soak time" needed to ponder how to repeat good things, reduce bad things, solve a mystery, or kindle a fire from the spark of an idea that flits across consciousness, but if we don't capture the sparks or seeds "in the moment", they're often lost. The short, casual titles are deliberate -our work is technical, but doesn't have to be cold. Generically, post-ops and/or in-ops analysis for long-term operations can be significantly enhanced by having a daily means of capturing actions and "above the noise" issues that are not covered by primary ops databases, first because they are actions or are above the noise in their own right, and just as importantly because trends may develop over time that provide useful insight. Performing the capture via a report viewed by others enables feedback, validation, and reduction of gaps and/or overlaps.
Routine harvesting of Daily Report data into a Rolloff Matrix summarizes and indexes the actions and issues so that they are not lost in the abyss of a comprehensive console log or hidden in reams of daily reports.
Creative use of Checkboxes in an electronic console log can provide quick access to entries on topics of particular interest, especially "softer" yet incredibly valuable aspects of long-term operations, and may be a valuable adjunct to, though not a replacement for, the multi-threaded analysis made possible by a Rolloff Matrix.
Prepare to operate a given payload. Check its history for trends, issues, and/or "gotchas". Start/stop dates and/or console log references (in Matrix or Daily Report entries) provide quick navigation to supporting details.
At the beginning of a payload increment, determine which Reminders to continue, discontinue, or resurrect.
At the end of an increment, identify lessons learned. (Two mechanisms are at work here. If a lesson is recognized at the time something happens, it can be put in the DR and hence the matrix, for ready recall later,
